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Introduction
The study of urbanisation has evinced interest from a wide range of experts. The multidisciplinary gamut of the subject invokes the interest from ecologists to urban planners and civil engineers to sociologists to geographers to administrators and policy makers and finally the common man. This is because of the multitude of activities and processes that take place in the urban ecosystems every day. Urban ecosystems are the consequence of the intrinsic nature of humans as social beings to live together (Torrens and Alberti, 2000) .
The unprecedented population growth and migration, an increased urban population and urbanisation is inadvertent in developing countries (Reddy, 2004) . More and more towns and cities are blooming with a change in the land use along the highways and in the immediate vicinity of the city. This dispersed development outside of the compact urban and village centres along highways and in rural countryside is defined as sprawl (Theobald, 2001) . Urbanisation is a form of metropolitan growth that is a response to often bewildering sets of economic, social, and political forces and to the physical geography of an area (Sudhira, Ramachandra & Jagadish, 2003; Ramachandra & Kumar 2009 ). Some of the causes of the sprawl include -population growth, economy, patterns of infrastructure initiatives like the construction of roads and the provision of infrastructure using public money encouraging development (Kulkarni & Ramachandra, 2009 ). The direct implication of such urban sprawl is the change in land use and land cover of the region.
Urbanisation, as such, is not seen as a threat to the environment and development but it is the urban sprawl that affects the landuse of any region that becomes a matter of concern through its affectation in the loss of prime agricultural lands (World commission on development, 1987) . It is thus imperative to study and bring out the intricacies and implications associated with the problem of unplanned urban growth ensuing into sprawl. Also, sometimes sprawl is equated with growth of town or city (radial spread) (Barnes, Morgan, Roberge & Lowe, 2001 , Sudhira, Ramachandra & Bala Subramanya, 2004 . In simpler words, as urban population increases, the boundary of the city expands to accommodate the growth; this expansion is considered as sprawl. Usually sprawls take place on the urban fringe, at the edge of an urban area or along the highways. It results in the engulfing of villages into periurban areas, peri-urban areas into towns and towns into cities. However, in such a phenomenon of urban development, regional planning requires an understanding of the sprawl dynamics in order to provide basic infrastructure. Nevertheless, in a majority of the cases there are inadequacies to ascertain the nature of uncontrolled growth (UN-Habitat, 2002) . Due to lack of prior planning, coordinated decision-making and visualization of the outgrowths, the regions remain devoid of basic amenities like water, electricity, sanitation, etc. and result in inefficient and drastic changes in land-use, affecting the ecosystem and thus threatening the sustainable development of the region.
Urban Sprawl coupled with economic development has transformed societies and cultures apart from the landscapes, and the natural environment. In the recent years, 'development' and 'urbanisation' have almost become synonymous especially in developing countries. Further 'development' per se is mostly associated with economic development, which most nation states promise to deliver to its citizens. A key challenge faced by most of the nations today is to 'sustain' the economic growth rate along with minimal impact on the environment. Urbanisation is also a common phenomenon, which most of the developing nations are experiencing that has led to the rise of large metros along with its slums and squatters. At the same time, an alarming concern is also about the depleting natural resources (Mitsovaa, et al., 2010) increasing pollution levels and associated environmental hazards (Kamat and Mahasur, 1997) , apart from the rising urban-rural and rich-poor divisions; a host of environmental and socio-economic factors that have become important challenges of the recent times. In this regard, it is essential for concerned authorities to adopt integrated approaches in regional planning while addressing the needs of its stakeholders and managing the resources sustainably. This also necessitates proper planning along with effective governance to manage the urban growth and to mitigate the pressures on natural resources and environment while catering to the needs of the economy that sustains these urban areas. It is this philosophy that drives sustainable development essentially to balance both economic development and environment, not only for the present but also for the future generations.
Urban growth patterns resulting in sprawl are 'unsustainable', with the current consumption surging ahead of regions' carrying capacity and leading to depletion of natural resources for future generations (Asian Development Bank, 2003) . The need for managing urban sprawl also arises out of the global concerns of achieving sustainable urbanisation. Sustainable urbanisation is a dynamic, multi-dimensional process covering environmental as well as social, economic and political institutional sustainability (United Nations, 2004) . Besides this, the adoption of the Millennium Declaration and the Millennium Development Goals by all the member states of the United Nations to promote equitable and sustainable development across nations, in pursuit of shared future for all, poses significant challenges. This has also set a universal framework for development by targeting the achievement of eight significant goals. Specifically, the seventh goal on ensuring environmental sustainability addresses the concern of improving the lives of millions of slum dwellers living in rapidly expanding cities (United Nations, 2007) .
Urban sprawl was initially investigated in relation to demographic and the spatial extent of urban areas. Subsequent studies dealt the problem of sprawl in relation to economics, energy, land use, vehicular emissions, transportation, demography, climate and safety. The problem of sprawl needs to be addressed considering all disciplines with an integrative approach (TRB, 1998 and Gayda et al., 2003 and 2005) . The problem has been acknowledged for nearly sixty years and sprawl was ascribed as low-density development beyond the edge of service and employment (Sierra Club, 1998; Batty, Chin & Besussi, 2002; Batty, Besussi & Chin, 2004; Bensen & Torrens, 2004; and TRB, 2002) . Urban sprawl has been accompanied with three interrelated problems of spatial dynamics: densification of central or core cities which usually mark the historical origins of growth; the emergence of edge cities which compete with and complement the functions of the core; and the rapid suburbanization of the periphery of cities -core and edge -which represent the spatially most extensive indicator of such growth. This uncoordinated and unplanned incremental urban growth along the fringes of the metropolitan areas invading prime agricultural and resource land is unsustainable as such areas are over reliant on the automobile for access to resource and community facilities. There have been number of studies done on urban sprawl in India but this is the first such attempt to study to analyze the underlying causes for the measurement of urban sprawl in a highly fragile Himalayan city of Srinagar. This study will serve as a reference work for any future study in Himalayan cities'.
Materials and methods

Sprawl indicators for Srinagar
The sprawl indicators used for the present study are taken from; Costs of Sprawl:2000 Transport Research Bureau (TRB) and SCATTER (EU). The set of indicators used were modified as per the suitability of the area. It is with this motivation that the sprawl indicators for the Srinagar city are grouped under four themes:
1. Demography and Economy; 2. Environment and Resources; 3. Mobility; 4. Planning and Governance.
Srinagar city. The presence of migrants in a particular zone is a relative measure of suitability for determining the location for residence. The criteria for choosing the new residence were ranked on a scale of 1 to 5, where 1 was the most preferred and 5 the less preferred. Among the choices provided were: access to services, access to education, access to workplace, land prices or rent value and proximity to city centre or main roads.
The important set of indicators about mobility is mode of transport, modal share of public transport, mobility patterns, road traffic, and average road traffic speed and travel times. The modal share of public transport, passenger-km by public modes, mobility pattern considering the average home to work travel distance and average travel time (for all modes) are part of the metrics under mobility. One of the key city functions, which is regarded as a metric, is mobility, which determines why and how citizens are commuting within the city. This throws some light on the composition of people commuting for different purposes and modes employed for their commuting.
The level of accessibilities to different amenities, services and healthcare were estimated based on the sample survey in all the zones. Ranking method was applied for determining the level of access to amenities, services and healthcare. The availability of amenities (cooking gas, kerosene, fuel wood, grocery, vegetables, milk, etc.) were ranked from one (< 500 m) to five (> 5 km) distance. Similarly, the level of access to various services (water supply, electricity, roads, street lightening, and public parks etc.) Were also ranked from one (< 500 m) to five (> 5 km). The level of access of services is meant as a proxy to assess the effectiveness of governance in different zones. The respondents were asked to rate according to the distances for accessing the different amenities. Various healthcare facilities (primary hospitals, Government hospitals, local clinics, nursing homes, private hospitals, special hospitals, maternity homes, etc.) were also assessed in a similar pattern determining their availability at least possible distance.
Results and discussions
Demography and economy
The first set of indicators reflects the demographic and socio-economic characteristics of the city across different zones (core to agglomeration) and can be analyzed under following headings.
Population and spatial changes
Since the beginning of 1900 AD Srinagar city has recorded a slow but consistent increase in its population and has shown marked variation from decade to decade. During first three decades of the last century it recorded a steady increase in population which grew 2.9 per cent in 1911 and 11.4 per cent in 1921 and 20.16 per cent in 1931. During the same period, Srinagar experienced a moderate spatial growth, its size increased from 12.80 sq. kms to 14.48 sq. kms. Since 1931, population growth of the city has been subjected to the stresses and strains of slow increase and a haunting experience of stupendous growth. During 1941-61, the growth of population slowed down (Table 1) The main factors which could be attributed to accelerated population growth during these two decades have been immigration, territorial annexation, auto-urbanization and definitional changes. The increase in growth rate of population has also brought in its old excessive concentration of economic activities which provided great impetus for the growth of subsidiary urban activities.
Besides this, increase in population was too sudden for the city either to accommodate growing population or to provide urban services like proper sanitation, water supply, transportation, education, recreational and health. During this rapid increase in Srinagar City has not yet recovered from these ill-effects because the city is still growing at an accelerated pace which is highest among major urban centres of the State. The dynamic trend in population growth of Srinagar suggest accelerated rate of growth of city in future. The anticipated increase in population and changes in demographic dimensions of the city is bound to create an impact on the socio-economic structure of the city and may accelerate the urban problems.
Components of population growth
Generally, phenomenon of population growth is measured with respect to natural increase (excess of births over deaths) and net migration. But in case of fast expanding cities like Srinagar, territorial annexation also contributes to its urban growth. Looking back into urbanization pattern of Srinagar city, its agglomeration has been the outcome of the processes of auto-urbanization, immigration and territorial annexation ( Table 2) .
The process of auto-urbanisation which involves the natural growth of urban population has significantly contributed towards the population growth of the city. However, there has been remarkable increase in the share of urban population due to merging of rural areas within municipal limits in 1971 delimitation. Furthermore, the urban growth of the city expanded at radical pace and exceptionally high during 2001-2011 due to the amalgamation of vast areas into Srinagar Metropolitan Region.
Migration has also consistently contributed for the population growth of the city, mainly because of excessive concentration of economic, political, administrative and socio-cultural activities in the city which pull people from various parts of the State. The socio-economic survey depicts that out of the total migrants to the city about 81.86 per cent are from within the Valley, 10.21 per cent outside the Valley but within the State of Jammu and Kashmir and 7.94 per cent are from outside the State. The causes of migration as ascertained by sample survey have been business and employment opportunities (44.35 per cent) followed by education facilities (30.82 per cent), ecological reasons (24.00 percent) and political reasons (0.9 percent).
As in-migration is predominantly comprised of people from rural and small sized urban centres, it has lent Srinagar a pseudourban character in some concentrated pockets. It has also strengthened the economic, socio-cultural integration of the city with other parts of the Valley. The residential status of population of the city also gives some idea about the magnitude of migration during last 7 years. The findings of the primary survey reveal that about 6.81 per cent people consist of in-migrants. The spatial distribution of recent in-migration also revealed that outer wards viz Soura, Channapora, Sonawar, have recorded comparatively more in-migration due to sub-urbanization and expansion of the city in these wards. Batamaloo and Rajbagh wards have also recorded high in-migration because of their commercial and administrative importance.
Nativity
Among the first set of indicators that were enumerated based on the samples was the nativity of respondents (Fig. 3 ) in different areas of Greater Srinagar. The result reveals that Srinagar South-West and North-West zones had about 65 percent natives while Srinagar East and North-East zone had more than 85 percent natives similar to most of the zones in the periphery. It appeared that most migrants were in Hyderpora, Peer Bagh, Baghe Mehtab, Gulshan Nagar, Bemina and Narbal followed by Ahmad Nagar, Habbak, Zakurah, Nishat, Harwan and Sadrbal area (Figs. 1 and 2 ).
House ownership, type and criteria for housing
The analysis of residential house ownership reveals that the percentage of residents living in owned houses appeared to be higher than those living in rented houses in all the parts of the City. Further, majority of the houses were brick-walled with Metal roofing except for fewer instances in single storied houses, with RCC roofing. The mud walled type of houses mostly belonging to urban poor settlements were observed from rural peripheries in West and north-west zones (Fig. 4) . The criteria for choosing the new residence were ranked on a scale of 1 to 5, where 1 was the most preferred and 5 the less preferred. Among the choices provided were: access to services, access to education, access to workplace, land prices or rent value and proximity to city centre or main roads. Accordingly, the mean rankings for all the criteria are shown in Table 3 and Fig. 5 with respect to each zone. It showed that 'access to services' emerged as the top criteria with a mean ranking of 1.97 followed by access to land prices or rent value (2.13), access to workplace (2.68), proximity to city centre or main roads (3.00) and access to education (3.04). The criteria of access to education getting the least rank amongst the rest of the ranks suggests that the city limits are not excessively large and people can traverse daily for education (Fig. 6) (Tables 4-6 ).
Environment and resources
The second set of indicators capture the environmental variables and the resource consumption that chiefly include land-use, 
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Journal of Urban Management 6 (2017) [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] solid waste generation and collection, water consumption and wastewater generation, and energy-consumption, sources and end uses. The different land-uses considered are: built-up, water bodies (includes tanks and wetlands), open land, and vegetation. The solid waste management metrics consider per-capita generation and mode of collection. The water consumption per capita per day and the corresponding wastewater generated and the treatment capacities form the metrics under water and wastewater.
Land use
Typically the degree of urban growth or sprawl is attempted by quantifying the amount of paved surface or built-up area in a given region obtained from the superimposing multi-temporal geospatial data (Barnes et al., 2001; Galster etal., 2001; Epstein, Payne & Kramer, 2002, Koomen and Stillwell, 2007) . Characterizing the pattern of urban sprawl would then rest on noting the extent of built-up areas and its associated measures that depict sprawl based on the notion of built-up or paved area (Maryama and Thappa, 2010) . A key aspect in the expansion of built-up area is its engulfing of surrounding open spaces within the landscape. It is revealed that the built-up area of the City has increased by 173 percent from 1911 to 1971 at the decadal rate of 28 percent. However, this rate steepened from 1971 to 2010 at the decadal rate of 33.25 percent.
Energy sources
The assessment of access to energy sources reveal that electricity and LPG were among the most widely accessed source (Fig. 7) . Firewood is also used by all the city zones mainly for heating purposes during the chilling winters of the valley. However, the nonavailability of firewood compelled even urban poor to switch over to L.P.G, Kerosene and electricity as the main source of energy. It was further interesting to note that solar energy is being tapped mostly in the newly constructed houses in the south-eastern zone of city. The other energy sources like charcoal and biogas are totally absent while as cow dung is minimally used by the poor people of urban periphery. Electricity and L.P.G were the most accessed source for cooking, heating and lighting purposes.
Water, mode of disposal of wastewater and solid waste
The source and supply of water constitutes one of the significant component of urban services. In the past, people of Srinagar were using the waters of lakes, rivers and different khuls/canals for domestic purposes. It was in 1894 A.D when piped water supply was for the first time introduced in some parts of the Srinagar City during Dogra Rule.
In the year 1932 the first treatment plant of 2.25 million gallons per day (MGD) was introduced at Nishat for qualitative improvement of water supplied from impounding reservoir at Harwan. Similarly a number of other treatment plants were built e.g Nishat treatment in 1959 with a capacity of 4.8 MGD, Alusteng Treatment Plant in 1964 with 4.8 MGD capacity, Doodganga in 1972 with 2.25 MGD capacity. The main source of water for Nishat treatment plant was Dachigam Nallah and Dal Lake, Sindh Nallah for Fig. 3 . Nativity among the residents. Fig. 4 . Housing ownership.
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Journal of Urban Management 6 (2017) [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] Alusteng and Doodganga river for Doodganga treatment plant. Furthermore a number of treatment plants have been built e.g two at Nishat with a capacity of 8 MGD, one at Doodganga with a treatment capacity of 1.5 MGD, Pokhribal treatment plant with 2.0 MGD, one at Alusteng with 2.0 MGD and Rangil Treatment Plant having 20 MGD capacity. At present Srinagar city has a cumulative water supply of 49.55 MGD drawn from different sub-systems catering to population of 11.50 lacs. However, even after commissioning of such a large number of sub-systems, problems of water supply in Srinagar City have not been eradicated. In spite of shortfalls in supplying water to all zones by the SMC and respective municipal councils, the sewage collection in the zones appeared to be well serviced through higher sewer connections (Fig. 8) . It was revealed that the South-west zones of Srinagar followed by north-west and East was serviced with sewer connections to almost 100 percent. However, the outer zones of South-east viz., Pathachowk, Zewan, Khanmoh areas were serviced below 40 percent. Sewage disposal by way of open ground trench tank was more prevalent in the areas of South-eastern zones of city.
Similar to the water supply and sewage collection, the solid waste collection too indicated that the South-West zone is better serviced with more than forty five percent of solid waste collected through door-to-door collection (Fig. 9) . Among the outer zones, only North-West had a significant coverage for the door-to-door collection with about 35 percent, while North-East zone had coverage of about twenty percent and the South-East zone had only two percent for door-to-door collection. In the zones where the door-to-door collection was poor, road-side dumping was more prevalent.
Mobility
One of the key city functions that is regarded as a metric, is mobility, which determines why and how citizens are commuting within the city. This throws some light on the composition of people commuting for different purposes and modes employed for their commuting.
This revealed that among the respondents in the different zones that 78.45 percent commuted for their work, while 15 percent commuted for education and other purposes. However, in the outer fringe zones, 71 percent commuted for work, about 20 percent for education, 0.34 percent for recreation, 2.31 percent for shopping and 5.41 percent for other purposes (Fig. 10) .
Addressing the modes employed for commuting, it was revealed that in all, 28.5 percent used the bus-based and 22.56 percent commercial cab-based public transport service, followed by individual motor transport (four wheeler 12 percent and 2-wheelers with 15 percent). It was found that 7 percent preferred to commute by 'walk', while 13 percent used a combination of different modes, only 1.94 percent people prefer to use bicycles for daily commuting. More than 60,000 people commute between Anantnag and Srinagar daily. Large scale commuting also takes place from other regions and areas like Pulwama, Ganderbal, Badgam and Chadoora which is one lakh persons daily (R.T. O Kashmir, 2007) . The significant percentages who commute daily strongly suggest adequate measures for facilitating congestion free and safer pedestrian commuting.
Planning and governance
The last set of indicators captures the aspect concerning planning and governance. These variables include: preparation and publication of master plans, public participation, and integration of city functions. For measuring the effectiveness of governance, the level of accessibilities to city centre, different amenities, services (including healthcare) and infrastructure are estimated. The presence/absence of elected local body and their participation in planning are also considered. Planning Planning and governance are imperative for ensuring effective service delivery and management of resources. As noted earlier, this set of indicators includes both quantitative and qualitative variables. The presence/absence of elected local body and their participation in planning are also considered. The indicators under planning and governance included: nature of urban local governance that prevailed until the formation of Srinagar Development Agency, preparation and publication of master plans and public participation. Planning function is completely taken over by the parastatal agency, Srinagar Development Authority (SDA) and thus the local bodies have to abide by the policies formulated by the parastatal body.
Accessibilities
The level of accessibilities to different amenities, services and healthcare were estimated based on the sample survey in all the zones. The level of access of services is meant as a proxy to assess the effectiveness of governance in different zones. The respondents were asked to rate according to the distances for accessing the different amenities. Z.A. Nengroo et al. Journal of Urban Management 6 (2017) [45] [46] [47] [48] [49] [50] [51] [52] [53] [54] [55] The ranking based on distances were useful in enumerating the proximity of the different services as accessed by the respondents. The mean ranking was considered for determining the overall level of access in different zones. In all, it was observed that the level of access scores (ranking) was almost similar in all the zones irrespective of the administrative differences (town and city municipals and city corporation limits) (Fig. 11) . This perhaps suggests that irrespective of the administrative jurisdictions, the level of services ranged almost similarly across the entire urban agglomeration. It was found that irrespective of governance and their level of services (mean rank of 3.57), the accessibilities to basic amenities (mean ranking of 2.34) were better and same in both central and outer zones.
Conclusion
From the above analysis of various indicators across the different zones of Greater Srinagar, it was evident that South-western zone and the outer areas were clearly different in several aspects. It is observed that the outer zones are considered the sprawl areas though they have been only recently merged with Greater Srinagar. Although the level of access to different services and amenities were the same across the different zones, the access to resources (water supply, energy, wastewater and solid waste disposal) was different across the central and outer zones. Further, with the effectiveness of planning and governance on the overall level of services (including that of resources), the outer south-eastern zone (Panthachowk, zawan, khanmoh) had poor delivery of services while the south-western zone (Hyderpora, Baghi-mehtab, peer Bagh, Rawalpora) had better delivery of these services. Perhaps, with this outcome, this would suggest more effective governance in the outer zones of Panthachowk, Zewan, Lasjan, Khanmoh, Narbal, Gulab bagh etc., to ensure better delivery of services through greater allocation of funds for the same. This can be further possible when planning and governance is proactive in forecasting the respective amenities, services along with necessary infrastructure in the these zones.
The analysis revealed that Srinagar city has effectively been the victim of urban sprawl characterized by low density of population and disproportionate distribution of various urban amenities. The study is first such attempt to measure the sprawl of city and will act as reference work for future research on urban sprawl in ecologically fragile Himalayan city of Srinagar.
